Abstract. To access their computer applications and services, people tend to use an increasing variety of consumer electronic devices. Devices range from laptops and netbooks, to smartphones and tablets, and even interactive television sets. In the context of mobile applications, this ubiquitous revolution allows for various multi-device use cases and scenarios that are based on a user's dynamic usage patterns. In this paper we discuss how people can access an application using multiple devices, both in sequence as well as in parallel. Moreover, we elaborate on the technological opportunities and challenges for such multi-device enabled applications.
Introduction
The increasing popularity of internet-enabled devices and technology is allowing people to access online content virtually anywhere, at anytime, and on any device. The available devices range from smartphones and tablets, to laptops and interactive television sets, etc. With the help of web technology, mobile applications can be built that are accessible by most of these device types (e.g., using web applications and widgets, or PhoneGap). Nevertheless, existing application solutions only partly succeed in providing end-users a convincing user experience. This issue is mainly due to the fact that most mobile applications are still tightly bound to the physical device on which they are being executed [1] . Existing application platforms barely take advantage of the diversity of devices owned by its users. The intended immersive and blended interaction aspect of such ubiquitous applications is thus mainly lost. In this paper we introduce a web-based platform that aims to be a generic enabler for such multi-device applications. The proposed platform does so by relying on standardized technology in order to maximize its value and impact, both towards application developers as well as consumers. The remainder of the paper is structured as follows. In Section 2, we describe opportunities and related work for dynamic usage patterns that arise in environments with ubiquitous consumer electronic devices. Section 3 presents the developed application platform and discusses the main technological challenges for multi-device applications, which it aims to resolve. Section 4 presents the prototype imp learning application use cas Section 5.
Background and
Online content can take var webpages, videos, etc. Dep patterns for accessing these dynamic over time. Its char the available devices, the us fy two generic multi-devic quential device usage, and p
Fig. 1. Multi-device
─ Sequential device usage. fer from one device to a usage pattern, a user sho still be able to seamlessl when being away from h ─ Parallel device usage. T entation capabilities of rience should include th multiple devices. Acces rendering component be playback controls are sho Despite the prevalence o aiming to simultaneously c tight to a very limited set of generally focuses on prop platforms and vendors (e.g which enable second scree Munin toolkit and Gibraltar peer-to-peer design for distr Gielen plementation of the proposed platform for realizing an se. Finally, the conclusion and future work are presented d Related Work rious forms. It can range from documents, to presentatio pending on the user's contextual setting, the typical us e resources may vary considerably. The user's contex racterizing parameters include user preferences, as wel ser's current location, etc. From this perspective, we ide ce usage patterns for personal ubiquitous applications: parallel device usage (see Fig. 1 ).
e usage patterns in a ubiquitous computing environment Sequential usage patterns aim to smoothen the state tra another and make it as seamless as possible. Based on ould, e.g., be able to start a session on a desktop PC and ly pick up and continue this session with his mobile dev home. This usage pattern aims to combine the interaction and pr multiple devices simultaneously. A real immersive ex he ability to distribute an application's user interface o sing content such as a video stream can, e.g., result i eing displayed on a television screen, whilst the strea own on the user's mobile device.
of mobile application frameworks and operating syste combine features of multiple devices, solutions are of f devices, or a specific set of usage contexts. Existing w prietary protocols and only supports specifically targe g., the emerging interactive and connected TV platfor n applications via smartphone devices). As a counter, r framework aim to broaden this scope with a more flexi ributed mobile applications over the 
